Climatic conditions of both Latvia and Estonia are characterised by sharp air temperature fluctuations, when frosts interchange with thaws at the end of winter. The appropriate choice of cultivar/rootstock combinations that increase tree resistance to different unfavourable conditions is one of preconditions to obtaining high yield (Wertheim, 1998) .
INTRODUCTION
buds have finished the periods of endodormancy and ecodormancy (Proebsting, 1982; Tyurina et al., 2000; Allona et al., 2008) . Therefore, the level of damage to flower buds after frost can differ between wintering periods (Szalay et al., 2017) . The cultivar has a high importance in flower bud winter hardiness. In a study on evaluation of rootstocks in Estonia, during spring 2004, the home plum cultivar 'Victoria' had all flower buds damaged by frosts, whereas the diploid plum cultivar 'Kubanskaya Kometa' was less damaged and produced fruits (Jänes et al., 2007) .
The temperature regime before and after the critical minimum is very important in the resistance of the flower buds. During winters when temperature decreases gradually and a negative low temperature is observed before critically strong frosts, plants undergo sufficient hardening. In such winters, the damage to flower buds is insignificant. Strong flower bud damage is observed in winters when there is a temperature increase followed by a very sharp decrease of temperature. Flower bud frost resistance differs among cultivars also when buds are in the same developmental stage (Enache and Baciu, 2016) . The damage severity can be higher on an open field compared to in the laboratory, because the amount of hours with minimal temperature that have impact on plants differs. In laboratory conditions, the amount of hours is usually limited (Holubowicz and Bojar, 1982) .
The freezing processes in fruit tree flower buds are more complicated than in wood tissue (Rodrigo, 2000) . In flower buds, the formation of ice begins at the scion of the bud and in the base of the flower that is located in front of the main organs of the flower. Ice crystals may occur in selected places in the bud, and not be distributed evenly throughout the bud (Tromp et al., 2005) . The base of the bud and generative tissues are the most sensitive.
The aim of the investigation was to evaluate the influence of different rootstocks on the viability of flower buds during winter for two widespread plum cultivars in two growing regions of Latvia and Estonia. . Julien A', 'Brompton', 'Ackermann', 'Pixy', 'GF8/1', 'G5/22', 'GF655/2', and 'Hamyra'). The study was performed at the Institute of Horticulture in Pûre, Latvia, and at the Polli Horticultural Research Centre, Estonia. The experimental orchards were established in spring 2001. Plants were planted at a space of 3 × 5 m, in four replications, with three trees per plot. The soil type was clay loam in Pûre, and sandy clay loam in Polli. Bud samples were taken two times during the wintering period: in the end of January and end of March. The viability of flower buds and flowering intensity were determined at the laboratory of Plant Physiology of University of Life Sciences and Technologies. The viability was determined as activity of dehydrogenases using triphenyltetrazole chloride (0.5%), where in living cells the colourless substance due to enzymatic activity turns into a brightly coloured product -formasan (TTCF) (Anonymous, 2012). The optical density of colour was determined with a spectrophotometer at wavelength 485 nm. Data were analysed using descriptive statistics and ANOVA. Differences between means were tested by the least significant difference (LSD) and Duncan's criteria at a 5% significance level.
MATERIALS AND METHODS

Plant
Meteorological conditions. Meteorological data were collected at the local meteorological stations in both trial places. Minimal, maximal, and average air temperatures during winters in 2010/2011, 2011/2012, and 2012/2013 are presented in Table 1 . Significant differences in meteorological parameters were observed among years whereas they did not differ significantly between growing regions. The air temperature fluctuation trend during winter was similar between the growing regions. The lowest air temperature 
RESULTS
In Pûre, the lowest activity of dehydrogenases for cultivar 'Kubanskaya Kometa' was observed in flower bud samples collected in January and March of 2011. In the three-year period of study, the biggest differences among rootstocks in winter were observed in March (Table 2) . During all three winters, this cultivar had the most stable results on rootstocks 'St. Julien d`Orleans', 'Wangenheims Zwetsche', 'Myrobalan' 'Ackermann' and 'Brompton' seedlings.
Comparing both growing regions, the difference in dehydrogenase activity between January and March was larger in Pûre, which can be explained by greater fluctuation between minimal and maximal air temperatures. In both study locations, for cultivar 'Kubanskaya Kometa' the most stable combinations with higher dehydrogenase activity were with rootstocks 'Myrobalan', 'St. Julien INRA 2', 'Wangenheims Zwetsche', P. cerasifera var. divaricata and 'St. Julien d`Orleans' (Fig. 1) .
During three winters, cultivar 'Victoria' had lower dehydrogenase activity than for 'Kubanskaya Kometa'. In general, for both trial locations and winters evaluated, the dehydrogenase activity was higher for trees grafted on rootstocks 'Ackermann', 'Brompton' seedlings, 'St. Julien d`Orleans', 'GF8/1', 'Pixy' and P. cerasifera var. divaricata (Table 3) .
In Polli, the highest dehydrogenase activity for all rootstocks in general was observed during winter of 2010/2011, while the lowest was in March of 2013, when for some cultivar/rootstock combinations there was an insufficient amount of living buds for analysis of dehydrogenase activity.
Significant differences among sampling times for cultivar 'Victoria' were observed for all three winters (p = 0), where lower dehydrogenase activity was observed in March compared to January. The highest dehydrogenase activity was observed in Polli for trees on rootstock 'Ackermann' in January (5.73 µg TTCF·g -1 ) (Fig. 2) .
In both trial locations, rootstocks 'Ackermann', 'Brompton' seedlings, 'St. Julien d`Orleans', 'St. Julien Noir', 'GF 8/1' were selected as the most favourable for cultivar 'Victoria', as they had the highest dehydrogenase activity.
DISCUSSION
To increase plum orchard productivity in northern European countries, flower bud winter hardiness is very important. Significant differences among sampling times were found for dehydrogenases activity, and among cultivar/rootstock combinations and growing regions.
In Polli, during three winters, cultivar 'Kubanskaya Kometa' had more stable results regarding dehydrogenase activity in flower buds compared to that in Pûre. In January, significant differences among rootstocks were not found (Duncan's criteria). This can be explained by greater fluctuations between the minimum and maximum air temperatures during winter. According to Yeryomin and Safarov (2013) , cultivar 'Kubanskaya Kometa' is characterised by high winter hardiness in Southern regions of Russia, whereas in Latvia and Estonia tree and flower bud damage is observed during winter (Jänes and Kahu, 2008; Lepsis et al., 2008) . The winter hardiness of this cultivar can be also influenced by thaws during winter, as it belongs to the P. cerasifera plum group that has a short dormancy period. During the dormancy period it can withstand even drops in temperature to -30 o C, whereas after the dormancy period, the resistance to low temperatures sharply decreases and then it can withstand temperature -10 to -15 o C only for a short period (Yeryomin, 1993) .
CONCLUSIONS
Both cultivars 'Kubanskaya Kometa' and 'Victoria' had higher flower bud viability at Polli compared to Pûre. In both growing regions, the highest dehydrogenase activity for cultivar 'Kubanskaya Kometa' was on rootstocks 'Myrobalan', 'St. Julien INRA 2', and 'Wangenheims Zwetsche', and for cultivar 'Victoria' on rootstocks 'Ackermann', 'Brompton' seedlings, and 'St. Julien d`Orleans'. The dehydrogenase activity in flower buds has a tendency to decrease during winter.
